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PACKAGING SENSORS FOR LONG TERM IMPLANT 



FIELD OF THE INVENTION 

[0001] The present invention relates generally to implantable 
medical devices, and more particularly, to robust packaging for both 
mechanically and chemically providing adequate protection of the medical 
device itself and protection to the body in which it is implanted. 

BACKGROUND OF THE INVENTION 

[0002] Smart packaging is an important consideration in the 
manufacture of an implantable device. The device housing has to be 
robust both mechanically and chemically to provide adequate protection 
from the harsh environment of the human body and, at the same time 
must provide protection to the body in which it is implanted. 
[0003] In one instance, as disclosed in U.S. Patent No. 

5,013,396 to Wise et al., an ultraminiature capacltive pressure sensor 
having a silicon diaphragm and rim structure is made with a simple 
double-diffusion process. This novel diaphragm and rim structure is part 
of a silicon transducer chip which is electrostatically bonded to a glass 
support plate prior to removal of all of the wafer except for the diaphragm 
and rim structure. The novel diaphragm and rim stnjcture features a very 
small rim area, thus allowing the transducer to be constructed in 
ultraminiature form. Thus, a capacltive pressure sensor can be mounted, 
for example, in a 0.5 millimeter CD multisite cardiac catheter suitable for 
measuring blood pressure gradients inside the coronary artery of the 
heart. The silicon pressure transducer preferably includes supporting 
Interface circuitry on a chip fastened to the same glass support plate as 
the diaphragm and rim structure. However, no concern is expressed in the 
disclosure for protecting the pressure sensor in the body. 
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[0004] U.S. Patent No. 5.674.258 to Henschel et al. discloses a 
packaged integrated accelerometer. In this instance, a method is provided 
for surface mounting a piezoceramic accelerometer directly to a hybrid 
circuit within a hermetically sealed pacemaker housing. 
[0005] U.S. Patent No. 5.843.135 to Weijand et al. discloses 

a pacing lead incorporating both a sensor, e.g.. a pressure sensor, and an 
electrode for pacing and sensing, the lead being connected to a 
pacemaker which delivers pacing pulses to the electrode, the pacemaker 
also receiving and processing cardiac signals from the electrode and 
sensor infomiation from the sensor. Again, however, there is no mention 
of packaging for protection of the sensor or of the body. 
[00061 U.S. Patents. Nos. 5,91 1 .738 and 6.038,475, both to 

Sikorski et al.. provide a method of and apparatus for coupling an 
accelerometer within a cardiac pacemaker, and by providing a stmcture 
which improves substantially the shock sun/ivabllity of same. In this 
instance, an accelerometer assembly comprises at least three electrodes 
electrically isolated from one another in a piezoelectric sub-assembly. The 
sub-assembly is covered at least partially with an external electrically 
conductive layer that has been laser scribed or cut to provide electrical 
isolation of each of the electrodes from the other electrodes. At least one 
of the electrodes is an intemal electrode disposed between opposing 
sheets of piezoelectric material, and fonns an intemal electrically 
conductive layer to which electrical connection is possible from the 
external surface of the sub-assembly. The remaining two electrodes are 
external electrodes and may be connected electrically in parallel across 
the internal electrode to provide a high output signal. 
[0007] In U.S. Patent No. 6,223.081 to Kerver. a pacemaker 

contains a pressure sensor in combination with a pacing lead which 
connects stimulus pulses to the patient's heart and which is operatively 
connected to the pacemaker so as to transmit cardiac pressure signals to 
the pressure sensor. However, once again, there is no mention of or 
concern for protective packaging of the pressure sensor. 
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[0008] It was with knowledge of the foregoing state of the 
technology that the present invention has tjeen conceived and Is now 
reduced to practice. 

SUMMARY 

[00091 According to this technique of packaging a sensor device 
implantable in a living body so as to provide protection of the sensor 
device and to the living body itself, an electrical conductor of the sensor 
device Is sealed in an insulating substrate extending between proximal 
and distal ends. The distal end of the electrical conductor is externally 
connected to an external sensor on the sensor device and the proximal 
end of the electrical conductor is extemally connected to a distal end of a 
lead wire that leads to an implantable medical device, and the distal 
connections are embedded in an insulative deposit of protective material. 
The extemal sensor, substrate, and insulative deposit of protective 
material are encapsulated in a thin film of hermetic material without 
interference with the lead wire. In another embodiment, a layer of 
Insulating material may underiie the hermetic material to encapsulate the 
extemal sensor and some parts of the substrate. 
[001 0] As noted eariier, smart packaging is a very important part of 
making an implantable device. The device housing has to be sufficiently 
robust, both mechanically and chemically, to provide adequate protection 
from the human body. Indeed, packaging the pressure sensor, retaining 
its integrity and sensitivity, and protecting the device have long been a 
pursuit for those in the industry. The present invention proposes a robust 
and hennetic seal packaging technique for an implantable sensor without 
endangering device integrity and is a three step effort. 
[001 11 The packaging of the pressure sensor is performed with two 
key objectives in mind: sensor integrity and hemietic sealing of the 
device. The sensor is packaged In three stages. The first step Is to seal 
the electrical conductors of the sensor in an insulating substance such as 
ceramic or glass. Then, as a possible second step, a very thin film (on the 
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order of microns in thicltness) of insulating material such as parylene is 
coated over the device as an internal layer. This is proposed, but not 
absolutely necessary, to prevent any contact between the device 
components and the external metallic packaging material. With this step, 
care must be taken to achieve a continuous, pinhole free, film to avoid 
any damage to the sensor. The substrate would be selectively masked 
before growing parylene (or other suitable insulating material) on the 
device. The third step in the process is to layer a thin film of titanium, gold, 
carbon, or any other suitable hermetic material onto the parylene coated 
device including part of the substrate. However, the titanium coating (or 
any other hermetic coating) must be selectively applied onto the substrate 
to prevent contact between the conductors and the hermetic coating 
material. The titanium, or other hermetic coating, can be applied in many 
different ways such as by lamination, electroplating, vapor deposition 
(physical vapor deposition, chemical vapor deposition), and the like. The 
selective deposition process will ensure that every region coated with 
insulating material such as parylene is also coated with the hermetic 
material such as titanium, preventing absorption of moisture through 
parylene which could potentially provide a path for it to enter into device 
housing. 

[001 2] One feature, then, of the present invention is the provision of 
a unique technique for packaging a lead assembly connecting an 
implantable medical device for providing stimulating pulses to selected 
body tissue. 

[001 31 A primary feature of the present invention is the provision of 
such a technique for packaging a lead assembly incorporating a sensor 
for sensing pressure or other parameters wherein the lead assembly is 
intended for long term implant. 

[0014] Yet another feature of the present invention is the provision 
of such a technique for packaging a lead assembly including the steps of 
sealing an electrical conductor of the sensor device extending between 
proximal and distal ends in a substrate, externally connecting the distal 
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end of the electrical conductor to an external sensor on the sensor device, 
externally connecting the proximal end of the electrical conductor to a 
distal end of a lead wire extending proximally to a pulse generator, 
embedding the connection between the distal end of the electrical 
conductor and the external sensor in an insulative deposit of protective 
material, and encapsulating the external sensor, substrate, and insulative 
deposit of protective material in a thin film of hermetic material without 
interference with the lead wire. 

[001 5] Still another feature of the present invention is the provision 
of such a technique for packaging a lead assembly which includes the 
step of encapsulating the external sensor and the substrate in a layer of 
insulating material without interference with the lead wire. 
[001 6] Other and further features, advantages, and benefits of the 
invention will become apparent in the following description taken in 
conjunction with the following drawings. It is to be understood that the 
foregoing general description and the following detailed description are 
exemplary and explanatory but are not to be restrictive of the invention. 
The accompanying drawings which are incorporated in and constitute a 
part of this invention, illustrate one of the embodiments of the invention, 
and together with the description, serve to explain the principles of the 
invention in general terms. Like numerals refer to like parts throughout 
the disclosure. 

BRIEF DESCRIPTiON OF THE DRAWINGS 
[0017] The foregoing aspects and other features of the present 
invention are explained in the following description, taken in connection 
with the accompanying drawings, wherein: 

[00181 FIG. 1 is a diagrammatic perspective view Illustrating an 
implantable lead system in combination with a pulse generator, the lead 
system incorporating a packaged sensor embodying the present 
invention; 
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[0019] FIG. 2 is a detail perspective view, certain portions being cut 
away and shown in section, of the packaged sensor illustrated in FIG. 1; 
[0020] FIG. 3 is a cross section view generally taken along line 3-3 
in FIG. 2; and 

[0021] FIG. 4 is a cross section view generally taken along line 4-4 
in FIG. 3. 

nPTAILED DESCRIPTION OF THE PR EFERRED EMBODIMENT 
[0022] Refer now to the drawings and, initially, to FIG. 1 in which is 
shown an implantable lead 20 used in combination with an implantable 
stimulation device or pulse generator 22 such as a pacemaker or 
defibrillator and interconnects a sensor device 24 intended to be 
introduced into a living body, for example, into an organ such as the heart, 
and an electrical connector 26 at a proximal end 28 for attachment to the 
stimulation device. Although the present invention will be described with 
reference to the embodiments shown in the drawings, it should be 
understood that the present invention can be embodied in many alternate 
forms or embodiments. For example, the sensor device 24 may be 
located inside the lead 20 at various other locations than the one 
illustrated. Also, a number of sensor devices 24 could be incorporated into 
the lead 20. In addition, any suitable size, shape or type of elements or 
materials could be used. 

[0023] For a more detailed description of the invention, turn now to 
FIGS. 2, 3, and 4. The sensor device 24 is packaged so as to provide 
protection of the sensor device itself In the environment of the living body 
and also to provide protection to the living body from the sensor device. 
To this end, the packaged sensor device 24 includes an insulating 
substrate 30 with a feedthrough region 32 extending between proximal 
and distal ends 34, 36. respectively, of the substrate. The substrate 30 
may be composed, for example, of ceramic material or glass. Electrical 
conductors 38 and 40 extending from the electrical connector 26 are 
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received in the feedthrough region 32 and extend between the proximal 
and distal ends of the feedthrough region. 

[0024] Bond wires 42. 44 connect, respectively, the distal ends of 
the electrical conductors 38, 40 to an external sensor 46 on the substrate 
30 and the electrical conductors may be attached to the substrate 30 by 
means of a conductive pad 48 such as a Kovar pad for Introduction to the 
feedthrough region 32. The sensor 46 may be a temperature sensor or a 
pressure sensor or it may be, for example, an integrated pressure and 
temperature sensor chip, a catheter chip manufactured by Fraunhofer 
Instltutfur Mikroelektronische Schaltungen und Systeme of Dulsburg, 
Germany being suitable for purposes of the invention. It will be apparent 
to those skilled in the art that sensor 46 may be any suitable sensor , for 
example, electrical sensors, transducers, and the like. 
[00251 An insulative deposit of protective material 50 composed, for 
example, of epoxy is applied to fully embed the bond wires 42, 44 to 
electrically insulate them from each other and from all other electrically 
conductive components which may be in the vicinity of the sensor device 
24. Finally, at least the external sensor 46 and the substrate 30, and part 
of the insulative deposit of protective material 50. are encapsulated in a 
thin film 52 of hermetic material, for example, gold, titanium, platinum or 
carbon based materials such as amorphous carbon, diamond like carbon 
and diamond. However, it is Important that the thin film 52, preferably 
with a thickness in the range of about 10 nm to 0.1 mm, must be applied 
so as not to interfere with the conductivity of the lead 20. 
[0026] While not necessary for the performance of the invention, it 
is desirable to encapsulate at least the external sensor 46 and the 
substrate 30 in a layer of insulating material 54 which may be composed 
of parylene or other suitable insulating or non-conductive material. In one 
embodiment, insulating material 54 has a thickness in the range of about 
5.0 nm to 0.5 mm. As with the thin film 52, the insulating material 54 must 
be applied so as not to interfere with the conductivity of the lead 20. 
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[0027] It should be understood that the foregoing description Is only 
illustrative of the invention. Various alternatives and modifications can be 
devised by those skilled in the art without departing from the invention. 
Accordingly, the present invention is intended to embrace all such 
alternatives, modifications and variances which fall within the scope of the 
appended claims. 



